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A B S T R A C T
Cerebral sinovenous thrombosis in neonatal period may cause neurological impairment, epilepsy, and lead to stroke.
It is caused primarily by coagulopathy of numerous reasons, occasionally perinatal asphyxia, traumatic delivery and
hyperhomocysteinemia. Dandy-Walker malformation is characterized by agenesis or hypoplasia of the cerebellar vermis,
cystic dilatation of the fourth ventricle, and enlargement of the posterior fossa. Dandy-Walker malformation, variant,
and mega cisterna magna represent a spectrum of developmental anomalies. Insults to developing cerebellar hemisphe-
res and the fourth ventricle are believed to be the cause of malformation. Our patient was born from noncomplicated
pregnancy, noncomplicated nontraumatic vaginal delivery at term, excellent Apgar scores, without peculiarities in clini-
cal status. She was brest-fed by the 42nd hour of life when she had rightsided seizures during sleep that repeated for five
times in next 24 hours. Brain Ultrasound (US) revealed clot in left lateral ventricle, slight dilatation of left ventricle, both
sided periventricular echodensity, ischemia, slight enlargement of forth ventricle and a bit smaller cerebellum. There
was no visible flow through left transverse, superior sagittal and straight sinus. Magnetic Resonance (MRI) confirmed
the finding and showed thrombosis of left and right transverse venous sinuses and confluence of sinuses. Electroenceph-
alogram (EEG) showed leftsided focal changes. The newborn was treated with phenobarbiton for 8 days and had no con-
vulsions during that period. All coagulation parameters, homocistein, lipoproteins (a) and D-dimers were normal. There
were no mutations on FV R506Q, PT 20210A, MTHFR 677C/T. No antiphospholipides were found. Heart US showed no
structural anomalies. No other patology or risk factors were present at the time. Before discharge, US showed hydroceph-
alus. Flow in affected sinuses was visible with color Doppler. MRI showed recanalization of affected sinuses, also hydro-
cephalus and presentation of Dandy Walker. On EEG there was borderline finding. Due to progression of hydrocephalus
ventriculo-peritoneal shunt was placed. In age of 1 year EEG was slower for age but without focus. Neurological develop-
ment was normal for age. The question is whether this child had intrauterine insult and inception of Dandy Walker with
further postnatal progress of thrombosis and evolution to full picture of Dandy Walker with hydrocephalus OR thrombo-
sis that led to development of hydrocephalus and DandyWalker malformation in this child were accidental coexistance.
Key words: neonatal cerebral sinovenous thrombosis, Dandy Walker malformation, Dandy Walker variant, neonatal
seizures, hydrocephalus, prothrombotic factors, neonatal color Doppler brain ultrasound, brain magnetic resonance im-
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Introduction
Cerebral sinovenous thrombosis (CVST) is a very rare
event during neonatal period with an estimated inci-
dence of 1 per 100 000 per year1–3. Although rare it may
leave severe sequels. It can cause neurological impair-
ment, even epilepsy. It can lead to stroke4,5. It is most
commonly presented by seizures4,6.
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The diagnosis of neonatal CVST can be presumed
with the use of color Doppler Ultrasound (US). Color
Doppler is useful in monitoring the newborn with CVST.
Confirmatory diagnostic imaging should be Magnetic
Resonance (MR) andMagnetic Resonance venography7,8.
CVST may be caused by many factors singly or associ-
ated. In majority of cases it is caused by some coagu-
lopathy, genetic or acquired due to dehidration, sepsis,
meningitis, congenital cardiac malformations. In very oc-
casional cases CVST is caused by perinatal asphyxia and
traumatic delivery9–13. A clot is formed due to coopera-
tion of the coagulation and fibrinolytic systems.
Dandy-Walker malformation is a rare congenital mal-
formation that involves the cerebellum and fourth ven-
tricle. It is characterized by agenesis or hypoplasia of the
cerebellar vermis, cystic dilatation of the fourth ventri-
cle, and enlargement of the posterior fossa with upward
displacement of lateral sinuses, tentorium, and torcular
herophili. It may be associated with atresia of the fora-
men of Magendie and the foramen of Luschka14–16. Dandy-
-Walker malformation, Dandy-Walker variant, mega ci-
sterna magna, are classed among posterior fossa cystic
malformations and represent a continuum of develop-
mental anomalies on a spectrum that has been termed
the Dandy-Walker complex17–19. Dandy-Walker variant
consists of vermian hypoplasia and cystic dilatation of
the fourth ventricle, without enlargement of the poste-
rior fossa. Mega cisterna magna consists of an enlarged
posterior fossa secondary to an enlarged cisterna mag-
na, with a normal cerebellar vermis and fourth ventricle.
Precise differentiation of the malformations may not be
possible using imaging studies.
There are many theories explaining the origin, de-
velopment, and diffuse manifestations of Dandy-Walker
malformation. No single theory has been unanimously
accepted.
70–90% of patients have associated supratentorial ,
which often develops postnatally and should be consid-
ered a complication rather than a part of the malforma-
tion complex20,21. About 80% of patients have normal
ventricles at birth and by age of 1 year 80% have ventri-
culomegaly. Developmental delay appears to be related to
the level of control of hydrocephalus. The clinical presen-
tation depends to some extent on the particular combina-
tion of developmental anomalies in each infant22,23. Diffi-
culty with balance, spasticity, and poor fine motor control
are common, rarely respiratory failure. Sometimes sei-
zures occur.
Dandy-Walker malformation is diagnosed with US as
initial examination and MRI.
Case Report
The patient, baby girl, was born by noncomplicated
nontraumatic vaginal delivery at 37 weeks of gestational
age with excellent Apgar scores. It was second noncom-
plicated pregnancy of a healthy young mother. Cardio-
tocography (CTG) during delivery was continously nor-
mal. Her birth weight and length were within normal
range for gestational age. The newborn was without pe-
culiarities in clinical status and behaved normally. She
was with her mother and was brest-fed by the 42nd hour
of life when she had rightsided seizures during sleep. The
seizures were in form of jerks of right corner of the
mouth, right hand, right shoulder and right leg. The sei-
zures repeated for five times during sleep and awake
state during the following 24 hours. Between attacks she
was hypotonic but without other symptoms.
Initial Imaging Findings
Brain Ultrasound (US), including Color Doppler (CD),
was performed immediately. The clots in antrum and
frontal horn of left lateral ventricle were visualized, with
slight dilatation of left ventricle (Figure 1). There were
both sided periventricular echogenicity, more pronoun-
ced alongside left ventricle that suggested ischemia backed
up by CD cerebral flow calculations. There were slight
enlargement of forth ventricle and a bit smaller cerebel-
lum. There was no visible flow through left transverse si-
nus, superior sagittal sinus and straight sinus. Flow
through vein of Galen was normal.
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Fig. 1. Initial US, Coronal view: Clot in the left ventricle and
subependimal, and periventricular echodensit.
Fig. 2. Axial T1-weighted image: A (13.08): thrombus in both
transverse sinuses; B (24.08): regression of thrombosis.
Magnetic Resonance (MRI) confirmed the findings. It
also showed thrombosis of left transverse venous sinus,
confluence of sinuses and in less amount of right trans-
verse sinus. Thrombosis was pronounced in left trans-
verse sinus with minimal edge flow (Figures 2 and 3).
Coagulation screening
All coagulation parameters that might have led to
thrombosis were examined. PT, APTT were within ran-
ges for newborns. The results for F II, F V, F VIII, F IX,
FXII, fibrinogen were normal, as well as for antithrom-
bin III, protein C and protein S. Plasminogen level was
also normal. Lipoproteins (a) and homocysteine were
normal as well. No antibodies against phospholipids were
found. There were no punctual mutations on FV R506Q
and PT 20210A. There was no homozygous C677T poly-
morphism of theMTHFRgene. D-dimers were not found.
Other findings
Electroencephalogram (EEG) showed leftsided focal
changes in the first week of life. In cerebrospinal liquor
there were overmuch of eritrocytes and many macropha-
ges as well as expected increased proteins. Heart US
showed no structural abnormalities. No other patology
or risk factors were present at the time. Blood counts
were normal.
Course
The newborn was treated with phenobarbital for 8
days and had no seizures during that period. Two days
after presentation of convulsions the newborn became fe-
brile. The blood parametars did not exibit inflammation
and no bacteria was isolated from bodily fluids and excre-
tions. She was febrile for following 3 days, discontended,
with pronounced hypotonus. Although elevated tempera-
ture was most likely due to CVST empiric antibiothic
treatment was conducted.
Discharge
Before discharge, hydrocephalus was seen on US,
with normal liquor flow through aqueductus and cham-
bers at the time. CD showed no signs of elevated intra-
cranial pressure. Flow in affected sinuses was visible
with CD (Figure 4).
MRI showed recanalization of affected sinuses with
remains of smaller thrombus in left transverse sinus
with consequently narrower lumen but adequate flow
through whole venous system onMRI venography. Previ-
ously detected periventricular hyperintensities present-
ing ishemic lesions were completely regressed. In place of
left intraventricular clot an edgy hypodensity remained.
Development of hydrocephalus was obvious and presen-
tation of Dandy Walker variant (Figure 3).
EEG finding was borderline with no clear pathology
after a month.
The newborn had no convulsions even after with-
drawal of phenobarbital therapy. In neurological status
there were pronounced hypotonus with »worm-like« mo-
vements, without other aberrations.
Follow up
Due to progression of hydrocephalus ventriculo-peri-
toneal shunt was placed. In age of 1 year EEG was slower
for age but without focus. Neurological development was
normal for age.
Discussion
In case of seizures in healthy term newborn the CVST
must be considered and beside obligatory US with possi-
bly CD, MRI and MRI venography must be performed. If
CVST is diagnosed, screening for prothrombotic risk fac-
tors is highly recommended.
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Fig. 3. A: Sagittal T1-weighted image; B: Axial T2-weighted im-
age revealing hydrocefalus and hypoplastic vermis with commu-
nication of fourth ventricle and enlarged cisterna magna, corre-
sponding to Dandy-Walker variant; C: Axial T1-weighted image
showing normal signal due to restitution of flow in transverse si-
nuses, without signs of thrombosis; D: Axial T2-weighted image
displaying hydrocefalus and subependymal hypointensity as a sign
of hemosiderin deposition at the left caudothalamic notch.
Fig. 4. US: hydrocephalus with visible flow through transverse
sinuses.
Beside coagulopathy, the other causes are usually
more obvious and recognizable, but prothrombotic disor-
ders must be excluded even when other causes are pres-
ent due to possible coexistance; combination of acquired
and genetic risks. Although acquired prothrombotic he-
mostatic conditions exist in large proportion of newborns
with thrombotic stroke while congenital prothrombotic
disorders are rare both must be examined9. Congenital
deficiencies of antithrombin, protein C, protein S, and
the presence of activated protein C resistance are predis-
posing factors for cerebral thrombotic events, especially
when an acquired risk factor for thrombosis is present.
Protein C resistance increases the risk of thrombosis
when imputed to the factor V Leiden mutation or not.
Deficiencies in the fibrinolytic system, like congenital de-
ficiency of plasminogen, result in thrombotic complica-
tions as well24–34. All coagulation parameters including
the plasminogen level were normal in our patient. D-di-
mers were not found.
Significant risk factors for spontaneous CVST in new-
borns are increased lipoproteins (a) level, presence of
antiphospholipid antibodies, FV G1691A mutation, the PT
20210A allele and the homozygous C677T polymorphism
of the methylenetetrahydrofolate reductase (MTHFR)
gene9,35–37. Our patient had no punctual mutations on FV
R506Q and PT 20210A. There was no homozygousC677T
polymorphism of the MTHFR gene. Lipoproteins (a) and
homocysteine were normal. No antibodies against phos-
pholipids were found. Inherited hyperhomocysteinemia
may be a cause of thrombotic incident in newborns and
the only risk factor that can be treated in attempt to pre-
vent reccurence38–40. In very occasional cases CVST is
caused by perinatal asphyxia and traumatic delivery9–13,
but the CTG during delivery was normal. She was born
vaginaly and had optimal Apgar score. She did not show
any sign of hypoxia in the first two days. We did not iden-
tify the cause of CVST in our patient but the time of the
incidence and further course of pathology remain unre-
vealed.
There are many theories explaining the origin, develop-
ment, and diffuse manifestations of Dandy-Walker mal-
formation. The dilatation of the fourth ventricle may
originate in a congenital obstruction of the outlets of
Luschka and Magendie due to developmental cerebellar
defect41–43. Some claim that an insult leads to develop-
mental arrest in the formation of the hindbrain, with
lack of fusion of the cerebellum in the midline with per-
sistence of the anterior membranous area, which herni-
ates posteriorly. Simultaneous formation of the foramen
of Magendie, tentorium, superior longitudinal sinus, strai-
ght sinus, torcular herophili, and lateral sinuses helps
explain their association with Dandy-Walker malforma-
tion. The malformation has not been seen on prenatal
US in our patient. First postnatal US of brain showed
slightly dilatation of forth ventricle, intraventricular clot
of left lateral ventricle with dilatation of ventricle, with-
out clearly visible Dandy Walker malformation. Hydro-
cephalus, which often develops postnatally and should be
considered a complication rather than part of the malfor-
mation complex20,21, was developing in our patient also.
With developing hydrocephalus, Dandy Walker malfor-
mation became more visible, with hypoplasia of cere-
belum, dilatation of forth ventricle and inferior fossa. At
the same time, the flow through sinuses became normal.
The question is what is the cause of Dandy Walker
malformation in our patient and what is the cause of ce-
rebral sinovenous thrombosis? Is it possible that the full
picture of Dandy Walker malformation has developed af-
ter birth and if there are some connections between cere-
bral sinovenous thrombosis and Dandy Walker malfor-
mation? The cause of hydrocephalus may be Dandy Wal-
ker but the origin could be CSVT as well. Whether this
child had intrauterine insult and inception of Dandy
Walker with further postnatal progress of thrombosis
and evolution to full picture of DandyWalker with hydro-
cephalus that usually does develop postnatally OR throm-
bosis and some possibility of unvisible infarction or other
cause led to intraventricular haemorrhage with develop-
ment of hydrocephalus and the picture of Dandy Walker
malformation? Or in this child Dandy Walker malforma-
tion and cerebral sinovenous thrombosis were accidental
cooexistance?
No case with such coexistance of pathology has been
described so far. It would be interesting to distend re-
search in this area which has not been completely clari-
fied and since there is no single theory that has proven
satisfactory or has been widely accepted about Dandy
Walker malformation. This case raises question whether
picture of Dandy Walker malformation, or better said
Dandy Walker like presentation is possible to develop
postnatally as described in our case, opposite to embry-
onic genesis. Discussion and investigation of this prob-
lem, originity, development and course with profession-
als that came across any similar pathology might bring
more knowledge and initiate further investigations.
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ISTODOBNOST TROMBOZE MO@DANIH VENSKIH SINUSA I DANDY WALKER MALFORMACIJE U
NOVORO\EN^ETA
S A @ E T A K
U novoro|ena~koj dobi tromboza mo`danih venskih sinusa mo`e uzrokovati poreme}aje neurolo{kog razvoja, epi-
lepsiju, te dovesti do razvoja inzulta. Naj~e{}e nastaje uslijed koagulopatije brojnih uzroka, rijetko perinatalne asfiksije,
traumatskog poroda, hiperhomocisteinemije1,2. Dandy-Walker malformacija je karakterizirana agenezom ili hipoplazi-
jom cerebelarnog vermisa, cisti~nom dilatacijom ~etvrte komore i pove}anjem stra`nje jame. Dandy-Walker malforma-
cija, varijanta, i mega cisterna magna predstavljaju spektar razvojnih anomalija. Inzulti cerebuluma i ~etvrte komore
tijekom razvoja smatraju se uzrokom malformacije3. Bolesnica je ro|ena iz uredne trudno}e nekompliciranim vaginal-
nim porodom u terminu, izvrsnih Apgara, bez osobitosti u klini~kom statusu. Hranjena je na prsima do dobi od 42 sata
kad je imala desnostrane konvulzije u snu a koje su se ponovile u pet navrata tijekom slijede}ih 24 sata. Na ultrazvuku
(UZV) mozga je vi|en ugru{ak u lijevoj lateralnoj komori s blagom dilatacijom lijeve komore, obostrana periventriku-
larna ehogenost, ishemija, te blago pove}anje ~etvrte komore i ne{to manji cerebelum, bez vidljivih protoka kroz lijevi
transverzalni, gornji sagitalni sinus i sinus rektus. Magnetska rezonanca (MRI) je potvrdila nalaz, te pokazala trombo-
zu lijevog i desnog transverzalnog venskog sinusa i sinusa konfluens. U elektroencefalogramu (EEG) vi|ene su `ari{ne
promjene lijevo. Tijekom 8 dana terapije phenobarbitonom novoro|en~e nije imalo konvulzije. Svi koagulacijski para-
metri, homocistein, lipoproteini (a), D-dimeri bili su normalni. Nije na|eno to~kastih mutacija na FV R506Q, PT 20210A,
MTHFR 677C/T. Nije na|eno antifosfolipida. Na UZV srca nije vi|eno strukturnih anomalija. Tada nije na|eno druge
patologije ili rizi~nih faktora. Pred otpust na UZV-u se vidio hidrocefalus, color Dopplerom vidljivi su protoci u zah-
va}enim venskim sinusima. Na MRI vidjela se rekanalizacija zahva}enih sinusa, tako|er hidrocefalus uz znakove Dandy
Walkera. U EEG-u grani~an nalaz. Zbog progresije hidrocefalusa djetetu je postavljena ventrikulo-peritonealna drena-
`a. U dobi od jedne godine EEG je bio ne{to usporeniji za dob no bez `ari{ta. Neurolo{ki razvoj je bio primjeren dobi.
Pitanje je da li je ovo dijete imalo intrauterini inzult sa za~etkom Dandy Walkera te daljnjim napredovanjem tromboze i
evolucijom u potpunu sliku Dandy Walkera sa hidrocefalusom ILI je postojanje tromboze koja je dovela do razvoja
hidrocefalusa i Dandy Walkera slu~ajna supojava.
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